One of the important sources of greenhouse gas (GHG) emissions in the world is agriculture. The energy and climate policy of the European Union focuses on reducing greenhouse gas emissions and combating climate change in the non-ETS sectors, including agriculture. In Poland, greenhouse gas emissions from agriculture were 7.7 % of total greenhouse gas (GHG) emissions in 2015. Agriculture represented 30 % of total CH 4 emission and 78 % of total N 2 O emission. The implementation of effective activities to reduce GHG emissions from agriculture should be preceded by an analysis of this sector. The aim of the study was to analyse greenhouse gas emissions (CH 4 and N 2 O) from agriculture in Poland and its regional diversification and to identify the main areas of activity in agriculture to reduce GHG emissions. In the years 2007 -2016 and N 2 O emissions from agriculture in Poland were at a similar level with neither rise trends nor downward trends. The annual average CH 4 emission was 554 ± 7 Gg, and for N 2 O it was 52 ± 1 Gg. The emission of GHG expressed in CO 2 equivalent from animal production covered average 53 % of the total GHG emissions from agriculture, and from crop production it was average 47 %. Cattle production had the largest share in emissions from livestock production, and the fertilization from the crop production. The GHG emission from agriculture per square kilometre strongly depends on the region (coefficient of variation = 46.8 %) and its average value in years 2007-2016 was 73 Mg CO 2 eq·km -2 . The highest were in the Podlaskie Province (143 Mg CO 2 eq·km -2 ) and Greater Poland (134 Mg CO 2 eq·km -2 ), where is intensive animal production.
Introduction
Global climate change is currently an important problem in global and national politics. In fact, there is some evidence that allows us to state that currently occurring climate change differs from earlier periods of temperature increase in the history of our planet, which was caused only by natural factors. Therefore, it is assumed that global climate change is caused by the long-term impact of human activities on ecosystems. Combustion of large amount of fossil fuels: coal, oil and gas, as well as the limiting of carbon sequestration caused by deforestation, increase emissions and concentrations of carbon dioxide in the atmosphere. One of the important sources of greenhouse gas (GHG) emissions in the world is agriculture. It emits GHG to the atmosphere at almost all stages of production. Agriculture is responsible for 18-51 % of anthropogenic emissions expressed in CO 2 equivalent. The population and food demand growth causes the development of agriculture. It leads to an increase in GHG emissions from this sector. At the same time, agriculture is intensifying, what concentrates large emissions of GHG in small areas [1; 2] .
In 2015, greenhouse gas emissions from agriculture were 7.7 % of total greenhouse gas (GHG) emissions in Poland. The share of agriculture in Polish GHG emissions is relatively small, but emissions of CH 4 and N 2 O are of great importance, because they have a much greater potential for the greenhouse effect than CO 2 . The main source of methane (CH 4 ) in agriculture is enteric fermentation from ruminant animals, and its share in the total national emission of this gas was over 26 %. On the other hand, nitrous oxide (N 2 O) is mostly emitted from soils and its emission from agriculture was 78 % of the total national emission of this gas in 2015 [3] .
The energy and climate policy of the European Union focuses on reducing greenhouse gas emissions and combating climate change in the non-ETS sectors as well. These sectors are not covered by the Emissions Trading System and they include agriculture, transport, waste, industrial emissions outside the ETS and the municipal and household sector. In 2016, the European Commission published a proposal for a regulation defining new reduction targets for member states by 2030 together with annual emission limits in 2021-2030. The main objectives of the proposed changes are the achievement by the EU in the non-ETS sectors of 30 % emission reduction by 2030 and the implementation of a series of changes and improvements to the non-ETS system. According to the provisions of this regulation, Poland must reduce greenhouse gas emissions in 2030 by 7 % relative to emissions in 2005 [4] .
The implementation of effective activities to reduce GHG emissions from agriculture should be preceded by an analysis of this sector. It is necessary to identify the main emission areas, emission sources and determine the reduction potential. The aim of the study was to analyse greenhouse gas emissions (CH 4 and N 2 O) from agriculture in Poland, their regional diversification and to identify the main areas of activity in agriculture to reduce GHG emissions.
Materials and methods
The study analysed the period from 2007 to 2016. Calculations of greenhouse gas emissions from agriculture were made for methane and nitrous oxide. The carbon dioxide emission was neglected, because the emission of this gas from crops and animals is not inventoried in Poland. There were data only about CO 2 emission from lime and urea application, but this value is very small, about 0.29 % of total GHG emission in Poland. The CH 4 and N 2 O emissions were calculated both for Poland and provinces. The used methodology was in accordance with the guidelines included in the publication of the Intergovernmental Panel on Climate Change (IPCC) [5] , using characteristic national data, what allowed to precise results. These data came from the National Centre for Emissions Management (KOBIZE), which is responsible for an annual inventory of air pollution emissions [3; 6] . The calculated emissions of studied gases from major agricultural sources were also expressed in CO 2 equivalent using global warming potential factors [7] . This allowed to compare emissions between the regions of the country, the sources of these emissions and groups of animals.
Due to the negligible share in the Polish GHG emissions and in emissions from agriculture, the calculations were made excluding the emissions from the combustion of crop residues, lime and urea application and the production of fur animals. The emissions from drainage/management of organic soils were not estimated for provinces because of the lack of detailed information. Activity data about the population of animals, the consumption of mineral nitrogen fertilizers and sewage sludge for agricultural purposes, crop production came from national statistics prepared by the Central Statistical Office [8; 9] .
Results and discussion
In the years 2007-2016, CH 4 and N 2 O emissions from agriculture in Poland were at a similar level with neither rise trends nor downward trends. The CH 4 emission ranged from 548 to 566 Gg, and its annual average value was 554 ± 7 Gg. For N 2 O, this emission oscillated between 50 to 54 Gg with an average of 52 ± 1 Gg. During the whole analysed period, the share of animal production (53 % on average) in GHG emissions from agriculture was slightly higher than crop production (47 % on average), (Figure 1) . The dominant source of CH 4 emissions from agriculture was enteric fermentation of ruminants, mainly cattle (Figure 2 ). Its share in total methane emissions from agriculture ranged from 86.2 to 88.6 %, on average 87.8 %. For N 2 O the main source was managed soils. These emissions result mainly from the use of mineral nitrogen fertilizers, natural and organic fertilization, as well as from crop residues. The N 2 O emission from agricultural soils was between 84.8-87.0 % (average 85.9 %) of the total emission of this gas from agriculture ( Figure 3) . Table 2 shows the GHG emissions from agriculture in division into provinces. The average annual value for CH 4 was 30.0 ± 23.8 Gg, and for N 2 O it was equal to 2.68 ± 1.64 Gg. These emissions were strongly regionally differentiated. The highest CH 4 emissions were noted in the Greater Poland, Podlaskie and Lodzkie Provinces, and the smallest in the Lubusz and West Pomerania Provinces. More than half (53 %) of the national emission of this gas from agriculture came from four regions with highly developed animal production: Greater Poland, Podlaskie, Lodzkie and Kuyavia-Pomerania.
In the case of N 2 O, the highest emissions were in Greater Poland and Masovia, and the smallest in the Lubusz, Subcarpatia and Silesia Provinces. Almost half (46 %) of the national emission of this gas from agriculture was allocated in four regions: Greater Poland, Masovia, Kuyavia-Pomerania and Lublin Provinces ( Table 1) .
The total GHG emission from agriculture was calculated by summing the emissions of analysed gases expressed in CO 2 equivalent. The largest sources of GHG emission were regions: Greater Poland, Podlaskie, Masovia and Kuyavia-Pomerania, which total emission was 54 % of GHG emissions from agriculture in Poland. In two regions: Greater Poland and Podlaskie with the highest emissions, increase of GHG in last years -2013-2016 was observed, comparing to the period 2007-2012. It may result from the continuous development of the agricultural sector, mainly livestock production.
One of the elements helpful in the evaluation of the impact of agriculture on the environment may be the expression of GHG emission per unit of area, for example: Mg CO 2 eq·km -2 . Using such a form of presenting data about emissions, the scale effect is omitted and it is possible to compare between the regions. For this purpose, the total GHG emissions in CO 2 equivalent were expressed per 1 km 2 for each province (Figure 4) . The average GHG emission per square kilometre from Polish agriculture in 2007-2016 was 73 Mg CO 2 eq·km -2 , and its variation is strongly depending on the region (coefficient of variation = 46.8 %). The highest emissions were in the Podlaskie Province (143 Mg CO 2 eq·km -2 ), Greater Poland (134 Mg CO 2 eq·km -2 ), Kuyavia-Pomerania (120 Mg CO 2 eq·km -2 ) and Lodzkie Province (108 Mg CO 2 eq·km -2 ). These regions are with large animal production, in the first case it is cattle, and in the other -pigs. The smallest emissions of GHG per square kilometre were noted in the Lubusz Province (32 Mg CO 2 eq·km -2 ), Subcarpatia (33 Mg CO 2 eq·km -2 ) and West Pomeranian Province (37 Mg CO 2 eq·km -2 ). The regions in Poland differed also in the types of production (crop or animal), which were the dominant sources of the GHG emission. The crop production was the main source of GHG emission in the western part of Poland and in Masovia. The western Poland has relatively many commercial family farms and agricultural companies. The large acreage allows to produce only crops with giving the profits at the appropriate level. In contrast, the farms in Masovia are relatively small, and the large share of crop production in total agriculture GHG emission results from the specialization of farmshorticulture. In regions, where the average number of kept animals in one farm is much higher than in other regions, the most of GHG emission is from animal production (Figure 4) . Figure 5 presents the share in total GHG emission in provinces of each group of animals: cattle (dairy cows, other cattle), pigs, poultry and other (sheep, horses, goats). In 2007-2016, the highest GHG emissions were caused by cattle production in Poland. The average GHG emission for this group of animals was 12629 Gg CO 2 eq·year -1 and it was more than five times higher than for other groups of animals together -2251 Gg CO 2 eq·year -1 . The cattle production is responsible for the majority of GHG emissions from livestock production in each province.
Taking into account the implementation of the European policy of air quality improvement and combating climate change, further reduction of GHG emissions from all economy sectors, including agriculture, will be necessary in the future. There are many technical and technological solutions that could be implemented on farms and effectively reduce GHG emissions, but it requires appropriate financial support. Mitigation activities in agriculture should be carried out primarily in regions with high GHG emission per square kilometre. Opportunities exist in all segments of agriculture to reduce GHG emission. The most important are changes in management practices, which have potential as effective mitigation measures for the future. In animal production, the practices should focus mainly on the production of dairy and beef cattle. The most important activities seem to be enhancing forage quality and manure treatment for livestock production [10] [11] [12] . In the case of crop production, the main direction of GHG emission reduction seems to be improving fertilizer use efficiency and limiting mineral fertilization [13; 14] .
Conclusions

1.
In the years 2007-2016, CH 4 and N 2 O emissions from agriculture in Poland were at a similar level with neither rise trends nor downward trends. The annual average CH 4 emission was 554 ± 7 Gg, and for N 2 O it was 52 ± 1 Gg. 2. The emission of GHG expressed in CO 2 equivalent from animal production covered on average 53 % of the total GHG emissions from agriculture, and from crop production it was on average 47 %. Cattle production had the largest share in emissions from livestock production, and the fertilization from the crop production. 3. The GHG emission from agriculture per square kilometre strongly depends on the region (coefficient of variation -46.8 %) and its average value in the years 2007-2016 was 73 Mg CO 2 eq·km -2 . The highest emissions were in the Podlaskie Province (143 Mg CO 2 eq·km -2 ) and Greater Poland (134 Mg CO 2 eq·km -2 ), where is intensive animal production.
